Molecular phylogenetic studies suggest that the genus Emballonura, a member of the Old World tribe Emballonurini (Family Emballonuridae), is paraphyletic. This genus has a broad distribution across islands in the Indo-Pacific, southern Asia, and Madagascar. The paraphyly is the result of the genus Coleura, known from subSaharan Africa, portions of the Arabian Peninsula, Madagascar, and the Seychelles, being embedded between the Malagasy and Asian/Indo-Pacific clades of Emballonura, and the latter clade has priority for the use of the name. To resolve this situation, we propose a new genus for the Malagasy Emballonura clade. Furthermore, with greater molecular sampling of Coleura across portions of its range in association with morphological and bioacoustical characters, we are able to resolve aspects of the phylogenetic history and species limits of this genus. Coleura contains two well supported clades, including C. afra from mainland Tanzania and the offshore island of Pemba and a sister clade composed of C. cf. afra from Madagascar and C. seychellensis from the Seychelles. The average genetic distance between animals from Madagascar and the Seychelles is 6%, whereas Pemba/Tanzania and Madagascar is 10%. Because of the paraphyletic relationship of populations of C. afra with respect to C. seychellensis, we describe a new species of Coleura from Madagascar.
Recent systematic research on the bat fauna of Madagascar, at least in part based on molecular genetics, has revealed that a considerable portion of the locally occurring species was either previously unrecognized from the island or simply unknown to science. In a review of Malagasy bats by Peterson et al. (1995) , 27 species were documented and as of June 2011, this figure has increased to 44 species (Goodman 2011; Goodman et al. 2011 Goodman et al. , 2012 . This result stems from both molecular and morphological studies that have provided considerable insight into the evolutionary history, origins, and species diversity of the Malagasy and regional bat fauna.
The vast majority of Malagasy bats originated from Africa (e.g., Russell et al. 2008; Stadelmann et al. 2004; Trujillo et al. 2009) , although based on current biogeographic distributions, two non-African genera appear to be Asian in origin and occur across a broad area from southeastern Asia to the Pacific and Indian oceans. The first case is that of the large and frugivorous genus Pteropus (family Pteropodidae), which is a strong flyer and presumably an excellent island hopper. However, at least on western Indian Ocean islands, the different Pteropus species have a complex history of leapfrog colonization (Chan et al. 2011; O'Brien et al. 2009 ).
The 2nd and less-studied case is that of the typically small (,5 g) and weak-flying insectivorous genus Emballonura w w w . m a m m a l o g y . o r g 1440 (family Emballonuridae). It is found on islands off New Guinea westward from mainland Southeast Asia (8 species) to Madagascar (2 species), with a distributional gap of 3,500 km across the Indian Ocean between the western-most Asiatic occurrence and Madagascar. This genus is a member of the subfamily Emballonurinae, in which the tribe Emballonurini occurs in the Old World and the tribe Diclidurini in the New World (McKenna and Bell 1997) . Another member of the Emballonurini, Coleura, has a distribution across much of subSaharan Africa, portions of the Middle East, and islands in the western Indian Ocean. The other large radiation in this family, the subfamily Taphozoinae, has a broad Old World distribution from Africa, the Middle East, western Indian Ocean islands, mainland Asia, to the Indo-Pacific. Phylogenetic reconstruction indicates that the emballonurid radiation is African in origin, and during the mid-Eocene to the early Oligocene dispersed to different portions of the New and Old Worlds (Eick et al. 2005; Jones et al. 2002; Lim 2007; Teeling et al. 2005) .
Recent molecular phylogenetic research on the Emballonurini, composed of the genera Coleura, Emballonura, and Mosia, has found this tribe to be paraphyletic, with the genus Coleura being placed between the Asiatic/Indo-Pacific and Malagasy clades of Emballonura (Ruedi et al. 2012) . In contrast to Emballonura, Coleura occurs on the African mainland and offshore islands, as well as on the Arabian Peninsula (C. afra Peters, 1852) , Madagascar (C. cf. afra), and the eastern portions of the Seychelles Archipelago (C. seychellensis Peters, 1868) ; the phylogenetic relationships between these genera and within Coleura have not been examined in any detail. Recent fieldwork with Coleura in the Seychelles has provided molecular genetic material of a previously unavailable taxon and an increased number of samples for other populations from Madagascar and Tanzania. In this paper, we critically examine the phylogenetic relationships between the genera Emballonura and Coleura, and address the problem of paraphyly in the former genus. Using molecular, morphological, and bioacoustical characters, we investigate the intrageneric relationships of certain Coleura populations, which resulted in the identification and description of a new species from Madagascar, named herein.
MATERIALS AND METHODS
Extraction, amplification, and sequencing.-Total genomic DNA was isolated from tissue samples stored in a buffer containing NaCl-saturated 25% dimethyl sulfoxide and 250 mM ethylenediaminetetra-acetic acid C. afra) or stored in 75% ethanol (Emballonura sp. and sample originally preserved in formalin). Extraction followed a modified salt/chloroform extraction protocol (Miller et al. 1988) , which included an additional chloroform/isoamyl alcohol (24/1) step after the addition of the saturated NaCl solution. For C. seychellensis, DNA was isolated from feces collected on Silhouette Island and desiccated in silica gel . Fecal samples were extracted in an ancient DNA lab using the QIAamp DNA Stool Mini Kit (Qiagen Ltd., West Sussex, United Kingdom) following the modifications as detailed in . The complete mitochondrial cytochrome b gene was amplified using the primers mitochondrial (mt)DNA-R3-F (5 0 -TGGCATGAAAAA TCACCGTTGT-3 0 - Puechmaille et al. 2011) and Cytb-H (5 0 -CTTTTCTGGTTTACAAGACCAG-3 0 - Weyeneth et al. 2008) . For 2 C. seychellensis samples, only the first 450 base pairs (bp) of the cytochrome b gene were amplified with the primers mtDNA-R3-F and MVZ 04 (Smith and Patton 1991) . All reactions were carried out in 25-ll simplex reactions containing 2 ll of DNA extract, 13 polymerase chain reaction (PCR) buffer minus Mg (Invitrogen, Bio Sciences Ltd., Dublin, Ireland), 1.5 mM MgCl 2 , 0.4 lM each primer, 0.2 mM deoxynucleotide triphophates, and 1 U Platinum Taq DNA Polymerase High Fidelity (Invitrogen). Amplifications were carried out in a DNA Engine DYAD thermocycler (MJ Research, Quebec, Canada) with the following touchdown PCR profile: initial step 15 min at 958C, then 10 cycles of 3 s at 958C, 3 s at 608C (with a reduction of 28C every 2 cycles), 1 min at 728C, followed by 30 cycles of 30 s at 958C, 30 s at 508C, and 1 min at 728C and a final step of 10 min at 728C. PCR products were purified and sequenced in both directions by Macrogen Inc. (Seoul, Korea) using the 4 PCR primers mentioned above. Complementary sequences were assembled and edited for accuracy using CodonCode Aligner 3.7.1 (CodonCode Corporation, Dedham, Massachusetts).
Phylogenetic analyses.-In addition to sequences generated for this study (Table 1) , we included full cytochrome b sequences retrieved from Genbank (Goodman et al. 2006; Lim et al. 2008; Ruedi et al. 2012 ). These sequences included 2 New World Emballonuridae (tribe Diclidurini), 7 of the 9 currently recognized species of Emballonura, and the 2 known Coleura species (Simmons 2005) . Phylogenetic reconstruction was independently undertaken using the Bayesian inference in BEAST and maximum likelihood (ML) in PAUP* version 4.0b10 (Swofford 2003) , using the general time-reversible þ gamma-distributed rates among sites þ proportion of invariable sites (GTR þ C þ I) substitution model as determined by the hierarchical likelihood ratio tests in ModelTest version 3.7 (Posada and Crandall 1998) . For the Bayesian analysis, no outgroup was specified and the constant population size coalescent was used as a tree prior. The program was run for 10,000,000 generations and sampled every 500. The first 1,000,000 generations were discarded as burn-in. Two replicate analyses were performed to ensure convergence and the results were then pooled. Effective sample sizes for the estimated parameters and posterior probability as calculated with the program Tracer v1.4 were higher than 500. ML analyses were performed with PAUP 4.0b10 (Swofford 2003) and node support was estimated with 100 bootstrap replicates. Starting trees were obtained via neighbor joining and analyses carried out using tree bisection and reconnection-based heuristic searches. We used the Shimodaira-Hasegawa test (Shimodaira and Hasegawa 1999) with full optimization and 1,000 bootstrap replicates to compare the statistical (Sikes et al. 2011) . Details on the morphology and genetics of the Malagasy and Asian/ Pacific clades of Emballonura have been presented elsewhere (Goodman et al. 2006; Ruedi et al. 2012) . To further evaluate morphological and associated taxonomic relationships of Coleura, we examined 66 specimens of C. afra from the African mainland, 37 specimens of C. seychellensis from the Seychelles (Appendix 1), and 19 specimens of C. cf. afra from Madagascar (see holotype and paratype entries in the species description below). These specimens are housed in the following institutions: the Natural History Museum, London (BMNH; formerly British Museum of Natural History); Field Museum of Natural History, Chicago (FMNH); Muséum national d'Histoire naturelle, Paris (MNHN); National Museum of Kenya, Nairobi (NMK); Université d'Antananarivo, Département de Biologie Animale, Antananarivo (UADBA); and Museum für Naturkunde der Humboldt-Universität zu Berlin, Berlin (ZMB, formerly Zoologisches Museum Berlin). Only adult specimens were used in the morphological comparisons and these were defined on the basis of the fusion of the basisphenoid-basioccipital suture and the complete eruption of the adult dentition. We examined the holotypes of C. silhouettae [¼C. seychellensis] (BMNH 6.3.18.2), C. gallarum [¼C. afra] (BMNH 11.8.2.4), and C. nilosa [¼C. afra] (BMNH 15.3.6.76), as well as the cotypes of C. afra (BMNH 7.1.1.703 and 58.6.18.12).
Six external measurements in millimeters of recently collected specimens of Coleura from Madagascar and Tanzania were recorded before preparation and included: total length, tail length, hind foot length, ear length, tragus length, and forearm length. Mass in grams was also recorded using a spring balance. For Malagasy specimens collected by SMG the hind foot length does not include the claw and for Tanzanian specimens obtained by WTS this measurement includes the claw.
SMG measured 5 cranial and 4 dental characters from specimens using digital calipers accurate to the nearest 0.1 mm. The measurements and their definitions are: occipitocanine length-from posterior-most part of occiput to anterior buccal alveolar border of canines; condylocanine length-from posterior-most part of occipital condyle to anterior buccal alveolar border of canines; greatest zygomatic breadth-width across zygomatic arches at widest point; postorbital breadthdorsal width at most constricted part of skull; breadth braincase-greatest breadth across skull at mastoid processes; maxillary tooth row (C-M3)-crown length from the anterior buccal alveolar border of the canine to the posterior buccal margin of the third upper molar; mandibular tooth row (cm3)-crown length from the anterior buccal alveolar border of the canine to the posterior buccal margin of the third lower molar; width M3-greatest width of third upper molar; and width m3-greatest width of third lower molar.
Definitions of operational taxonomic units (OTUs).-Current geographic patterns of C. afra on mainland Africa have not been studied in detail, although it has a broad distribution across the southern portion of the continent. Several different forms have been named that are considered synonyms of C. afra (Dunlop 1997; Koopman 1994; Simmons 2005) . Although the subject of a portion of the current study is the relationship of Malagasy Coleura to other western Indian Ocean and east African populations, the question of patterns of variation in the mainland African populations could not be completely neglected. To assess geographic variation, we have assigned animals from different regions of the African continent to an OTU system, which is defined as follows: OTU 1-C. afra from the type locality of Tete, Mozambique; OTU 2-C. afra from coastal Kenya and Tanzania; OTU 3-C. ''gallarum' ' Thomas, 1915 from ''Zeyla'' [¼Zeila or Zaylac] , extreme northern Somaliland and includes specimens from Djibouti and Berbera; OTU 4-C. ''nilosa' ' Thomas, 1915 from Bahr-el-Zeraf, Sudan.
Statistical tests associated with morphology.-Univariate statistical analyses were conducted for each of the measured morphological and craniodental variables and no evidence of sexual dimorphism was found. Hence, in all of the comparisons presented herein the sexes of each species or population are combined. To assess differences in morphology of different species and populations of Coleura, we conducted a principal component analysis (PCA) using the statistical package Systat (Systat 2004). Data were log transformed and the unrotated option was used. Three factors were extracted from the correlation matrix.
Bioacoustics.-We recorded the echolocation calls of Coleura as they emerged from the Grotte d'Ambatoharanana (Crocodile Cave; 12.98838S, 49.02178E, 20 m above sea level [asl] ). Echolocation calls were recorded with an Avisoft Ultrasound 116 bat detector (Avisoft Bioacoustics, Berlin, Germany) connected to an ASUS EEE 1005HA netbook (ASUSTek Computer Inc., Taiwan). The recording equipment was placed 10 m inside the cave on a sandbank~15 m away from the edge and 1.8 m above the surface of the Mananjeba River. The microphone was placed at a 108 angle pointing toward the river. The river flows 2.7 km into the 18.3-km-long cave (Wilson 1987) . For at least 100 m from the entrance, the width and height of the cave was .30 m and 5 m, respectively. Assuming that the maximum detection range of Coleura calls was similar to that of the emballonurid Cormura brevirostris (10-17 m-Surlykke and Kalko 2008), the recording context could be considered open space. In addition, we recorded the echolocation calls of 3 individuals of this population that were released in a flight cage measuring 1.8 3 1.4 3 5.4 m.
For all recordings, the sampling frequency was set at 500 kHz (16 bits, mono), with a threshold of 16. The resultant wave files were analyzed with Batsound Pro (version 3.31b, Pettersson Elektronik AB, Uppsala, Sweden). We also measured the echolocation calls of Coleura afra from Kenya that were recorded by Taylor et al. (2005) in open habitat. One signal pulse with a high signal-to-noise ratio (at least 3 times stronger than the background noise) for each bat was selected to avoid pseudoreplication. The dominant harmonic from each call was taken from the fast Fourier transform (FFT) power spectrum (size 512). A Hanning window was used to eliminate effects of background noise. Peak echolocation frequency (PF) was measured from the peak of the power spectrum, bandwidth (BW) of call was measured at 618 dB from the PF on the FFT power spectrum, and interpulse interval (IPI) and duration of call (Dur) were measured from the time-amplitude display (Schoeman and Jacobs 2008) . We used t-tests with separate variance estimates (Welch t-Blalock 1972) to compare the call parameters between Coleura in the cave and in the flight cage and C. afra in open habitat.
RESULTS
Description of nucleotide data.-Cytochrome b sequences were generated for 31 samples of 3 taxa: 26 individuals of C. afra or C. cf. afra including those from Madagascar (n ¼ 18), mainland Tanzania (n ¼ 6), and the offshore island of Pemba (n ¼ 2), 4 samples of C. seychellensis from Silhouette Island, and 1 sample of ''Mosia'' sp. from the Solomon Islands. These sequences supplemented those previously generated from 7 of the 9 currently recognized species of Emballonura (Goodman et al. 2006; Lim et al. 2008; Ruedi et al. 2012; Simmons 2005) . Individuals sharing the same haplotype were only represented by 1 sequence in the phylogenetic reconstructions, resulting in only 1 sequence for C. afra from mainland Tanzania and C. seychellensis from the Seychelles, and 2 sequences for C. cf. afra from Madagascar and C. afra from Pemba. The final data set consisted of 23 unique sequences (Table 1) .
Phylogenetic analyses within the Emballonurini.-Bayesian and ML phylogenetic reconstructions on the basis of the mtDNA data recovered 2 well-supported clades that separated species distributed in the Asiatic/Indo-Pacific region from those distributed in Africa, Madagascar, and the Seychelles (Fig. 1) . All the Emballonura species distributed in the Asiatic/ Indo-Pacific region form a monophyletic clade, whereas Emballonura from Madagascar are more closely related to species belonging to the genus Coleura. Emballonura paraphyly was significantly better supported than Emballonura monophyly (Shimodaira-Hasegawa test; Emballonura paraphyly: Àln L ¼ 7627.98, Emballonura monophyly: Àln L ¼ 7636.93, P ¼ 0.045). Pair-wise MLcorrected genetic distances between Emballonura species from each of the 2 clades ranged between 27.3 and 34.3%. On the basis of the molecular analyses presented above, as well as in Ruedi et al. (2012) , the genus Emballonura is paraphyletic, forming 2 distinct nonsister groups. The 1st of these is Asiatic/Indo-Pacific in distribution and composed of at least 7 taxa (Simmons 2005 Goodman, Cardiff, Ranivo, Russell, and Yoder, 2006 . On the basis of publication date, the type species within the genus Emballonura is E. monticola and, hence, the generic name Emballonura is associated with the Asiatic/Indo-Pacific clade. Two options can be proposed to resolve the problem of paraphylytransfer Coleura to Emballonura or put E. atrata and E. tiavato in a separate genus. Interestingly, when Peters originally named afra, he placed it in Emballonura (Peters 1852), but subsequently created the genus Coleura (Peters 1868), where he transferred afra on the basis of notable morphological differentiation between the 2 genera. We create a separate genus for E. tiavato and E. atrata to reflect aspects of the evolutionary history of this portion of the tribe Emballonurini. No alternative genus name has been previously published for Malagasy Emballonura (see African Chiroptera Report 2010; McKenna and Bell 1997) and, hence, we propose:
Type species.-Emballonura atrata Peters, 1874. Description.-This genus contains 2 species, Paremballonura atrata and P. tiavato. Bats are of small size, with P. tiavato having a forearm length of 35-41 mm and occipitocanine length of 12.2-13.6 mm, whereas these measurements in P. atrata are 40-41 mm and 12.8-13.8 mm, respectively (Goodman et al. 2006 ). Both species have long and slightly shaggy dorsal pelage, which ranges in color from a uniform pale to medium grayish brown in P. tiavato to brownish black in P. atrata. The 2 taxa have notably long rounded ears (11-14 mm in P. tiavato and 15-19 in P. atrata) with the inner portion of tragus convex and with a distinct hatchet-shaped anterior projection. In both species, the calcar is slightly shorter in length than tibia, nasal bone hourglass in shape and with distinct central sulcus, basisphenoid pits distinctly rounded and of medium depth and separated by median septum, and with a relatively narrow diastema between PM1 and PM2. All of these characters are discussed and in some cases illustrated in Goodman et al. (2006) .
Genetics.-Phylogenetic reconstructions on the basis of cytochrome b had 2 well-supported clades for the Emballonurini (Fig. 1) . The 1st clade is represented by Asiatic/Indo-Pacific region members of the genus Emballonura and the 2nd clade by members of the genera Coleura and Emballonura found in Africa, Madagascar, and the Seychelles. Hence, Emballonura is paraphyletic and the two Malagasy species are renamed as Paremballonura.
Diagnosis and comparisons.-Paremballonura contains 2 species, P. atrata and P. tiavato. Paremballonura is differentiated from the genus Coleura by having no median groove in the lower lip, calcar shorter than the tibia, convex tragus, dark and nontranslucent wing membranes, and diminutive size. See Table 2 for a list of additional characters that separate Paremballonura from Coleura (Dobson 1878; Goodman et al. 2006 Goodman et al. , 2008 Miller 1907) .
Etymology.-The generic name Paremballonura gen. nov. is derived from the Greek prefix para-, meaning close to or besides, and the genus Emballonura Temminck, 1838.
Distribution.-Restricted to Madagascar. Phylogenetic relationships.-All Coleura sequences form a well-supported monophyletic group sister to the genus Paremballonura (Fig. 1) . The Coleura clade is further divided into 2 well-supported subclades matching the geographic origin of samples with C. afra from mainland Tanzania and the offshore island of Pemba grouping together and forming a sister clade to C. cf. afra from Madagascar and Holotype.-Adult female, FMNH 213598 (field number SMG 16954), collected 2 November 2010 by SMG and MCS. The specimen was preserved in 12% formaldehyde and subsequently transferred to 70% ethanol. Before preservation, the skull was removed via small incisions on both sides of the mouth, conserved in approximately 60% ethanol, and then cleaned by dermestid beetles. Samples of pectoral muscle from the individual were collected and saved in lysis buffer. The specimen has a full adult dentition and the basisphenoidbasioccipital suture is completely fused. Postorbital processes are partially broken, whereas the delicate premaxillaries and upper incisors remain attached. When collected, the animal was in an active reproductive state, with a single embryo in the right oviduct measuring 24 mm in crown-rump length. External measurements (in millimeters) are total length 79, tail length 16, hind foot length (without claws) 7, ear length 16, tragus length 7, forearm length 51, and mass 11.5 g (Table 3 ).
Type locality. Geographic distribution.-Coleura kibomalandy is only known from 2 sites on Madagascar, the Parc National d'Ankarana and Parc National de Namoroka, both of which are karstic limestone massifs (Fig. 2) .
Etymology.-The name kibomalandy is derived from a northern Malagasy dialect and means white (malandy) and belly (kibo) and refers to this species' distinctive underside, which distinguishes it from other described species of Coleura, Paremballonura, and Emballonura.
Common name.-Madagascar Sheath-tailed Bat, Emballonure de Madagascar.
Diagnosis.-Coleura kibomalandy is a moderately sized species of Emballonuridae (forearm 48-52 mm), similar in external measurements to C. afra (forearm 47-52 mm) and C. seychellensis, but the latter species has on average a longer forearm (forearm 52-56 mm; Table 3 ). Coleura kibomalandy is easily distinguished from other Coleura by its dark brown dorsum and throat, primarily white underside, and dark wings with translucent patches (Fig. 3) . Tragus is proportionately wide. No pronounced diastema between PM1 and PM2 (Fig.  4) . Genetically, C. kibomalandy has unique cytochrome b sequences differing by at least 6% from C. afra and C. seychellensis.
Description and comparisons.-The relatively long and slightly shaggy fur on the back and head of C. kibomalandy Nicoll and Suttie (1982) .
is blackish brown (Fig. 3A) . The underside is grayish cream to pure white, often with the underfur having gray bases (Fig.  3B) . In contrast, the back and head of C. afra is distinctly lighter, varying between medium to a slightly deep brown, often with a grayish tinge, and the underparts are similar in coloration, only slightly paler (Fig. 5A) . In a few individuals of C. afra, the lower belly is distinctly lighter than the upper portion but not approaching the mainly white underside of C. kibomalandy. The dorsal and head pelage of C. seychellensis is similar to that of C. kibomalandy, but the venter is without any markedly paler fur and similar in coloration to C. afra (Fig. 5B) . The wing membranes of both C. kibomalandy and C. afra are light to medium brown and often with relatively large translucent patches, whereas the wings in C. seychellensis are blackish brown and without the translucent areas. Coleura kibomalandy, as in other members of this genus, does not have radiometacarpal or gular throat pouches. Among the 3 species of Coleura, the tragus in C. kibomalandy is the largest in width and length (see figure 2 in Goodman et al. 2008) , that of C. afra is approximately the same shape but smaller, and C. seychellensis has a distinctly diminutive tragus with a tapered margin and narrow distal tip. The animals from Madagascar are almost overlapping in all external measurements with those from Tanzania (Amboni Caves; Table 3 ). The foot measurements of C. kibomalandy from Madagascar were made by SMG and C. afra from Tanzania by WTS (excluding or including claw, respectively). The only variable that showed a significant difference between species was hind foot length. In addition, the external measurements of C. seychellensis were largely comparable with the African and Malagasy populations, but as different field-workers were responsible for these measurements, the ranges tend to be large and comparisons more difficult to make. Most notable is the average forearm length in C. seychellensis, which is larger than the other 2 taxa.
In C. seychellensis, there is a pronounced diastema between the minute PM1 and larger PM2, which is notably more prominent than in C. kibomalandy and C. afra. The nasal depression in C. seychellensis tends to be more rectangular than C. afra and has a medial furrow . A reassessment of these characters using a larger sample size has found them to be variable and not species diagnostic. Both C. kibomalandy and C. seychellensis have a partial medial septum traversing the anterior portion of the basisphenoid pit, and this septum is absent in C. afra.
The cranial (Table 4 ) and dental measurements (Table 5 ) of C. kibomalandy and C. afra, particularly from the type locality (OTU 1) and animals from the Kenyan and Tanzanian coastal region (OTU 2), are similar, whereas those of C. seychellensis are distinctly smaller and in some cases exhibit no overlap with C. kibomalandy and C. afra (OTUs 1 and 2) . The samples of C. afra from OTUs 3 and 4 were smaller than those from OTUs 1 and 2, approaching the size of C. seychellensis.
To examine differences in the craniodental variables between different populations of Coleura on continental Africa (separated into 4 OTUs), Madagascar, and the Seychelles, we conducted a PCA. The first 2 unrotated PCs accounted for 70% of the total variance in craniodental morphology (Table 6) , and there was broad overlap between specimens of C. afra from the type locality (OTU 1), C. afra from coastal Kenya and Tanzania (OTU 2), and C. kibomalandy from Madagascar (Fig.  6) . In contrast, a separate cluster of points represent the specimens forming part of the type series of C. gallarum (OTU 3) from Zeyla in northern Somaliland and surrounding areas, C. nilosa (OTU 4) obtained at Bahr-el-Zeraf in Sudan, and animals referable to C. seychellensis from the Seychelles. Four of the variables had high loadings on PC1 (occipitocanine length, condylocanine length, C-M3, and c-m3), but only 1 variable (width m3) exhibited a high loading on PC2 and high negative loading on PC3 (postorbital breadth).
Multivariate patterns recovered from the PCA are not good indicators of phylogenetic relationships. The molecular phylogeny has C. kibomalandy and C. seychellensis as sister species, but they do not overlap in the PC projections. Furthermore, C. kibomalandy and C. afra from southeastern and eastern Africa show broad morphological overlap, but are genetically divergent. We did not have access to fresh tissue samples of animals obtained in northern Somaliland (OTU 3) and southern Sudan (OTU 4), but they appear smaller and morphologically divergent from C. afra from southeastern and eastern Africa and these differences require further investigation. Our study did not take into account patterns of molecular or morphological variation in Coleura in central and western Africa.
Bioacoustics.-Coleura kibomalandy produced low-dutycycle echolocation calls with a prominent quasi-constant frequency component, where most of the energy was concentrated in a narrow frequency band (always in the 2nd harmonic) and a small frequency-modulated portion (Fig. 7) . Echolocation calls consisted of monotonous frequency sequences with low PF (,35 kHz), narrow BW (,7 ms), and short Dur (,6 ms; Table 7 ). Although the overall call structure was similar in the 2 recordings, there were significant The echolocation calls of C. kibomalandy in the Grotte d'Ambatoharanana were similar to the orientation and foraging calls of C. seychellensis in the Seychelles and C. afra in Kenya (Gerlach 2009a; Taylor et al. 2005 ; Table 7 ). There was no significant difference in echolocation call parameters between C. kibomalandy and C. afra (all P . 0.05). We were not able to statistically compare the call parameters of C. kibomalandy with those of C. seychellensis because most of the call data for the latter species were recorded with a frequency-division (ANABAT) bat detector (Gerlach 2009a ), which may not be comparable with time expansion data (Fenton et al. 2001) . Furthermore, the oscillographs of the time-expanded recordings of C. seychellensis (Gerlach 2009a) indicate that these calls were amplitude clipped (Fenton et al. 2011) , hence with a high number of artificial harmonics. Nonetheless, the PF, BW, and Dur of C. kibomalandy appear to be markedly lower, broader, and longer, respectively, than those of C. seychellensis.
Natural history and conservation status.-Given that C. kibomalandy is only known from 2 sites on Madagascar and fewer than 20 specimens, little information is available on its natural history. Scott G. Cardiff visited the Grotte d'Ambatoharanana, the type locality, during the 1st week of July 2004 and his observations on this species are presented in Goodman et al. (2008) . Among the animals he handled, at least 3 females showed signs of recent reproduction, including relatively large mammae and remnant lactation tissue. Two adult males collected during this period had enlarged testes and the epididymes were convoluted.
The 2nd visit was in early November 2010, just at the start of the rainy season, by SMG and MCS. Of the 13 individuals handled, 2 were males that had abdominal testes, both measuring 6 3 3 mm, and with convoluted epididymes. Of the 11 females, 10 had single embryos, 8 of which had crownrump lengths of 22 to 24 mm, one 18 mm, and one 3 mm. An individual with a 24-mm embryo was lactating, and probably approaching parturition. The nongravid female, which was lactating, had a single placental scar. These data suggest a synchrony in the breeding season of these animals at Ankarana. In East Africa, the reproductive period of C. afra is associated with the rainy seasons and there is some evidence of delayed maturation after implantation (McWilliam 1987) . Although similar reproductive strategies may be in practice in Madagascar, current data are insufficient to draw any clear conclusion.
As in C. afra and C. seychellensis, C. kibomalandy occupies caves for day roost sites. In Kenya, colonies of C. afra can reach up to 50,000 individuals (McWilliam 1987) , whereas the endangered C. seychellensis reaches about 40 individuals (Gerlach 2011) . In the case of C. kibomalandy, few details are available, but in July 2004, Cardiff estimated that about 500 individuals occupied the Grotte d'Ambatoharanana, and were divided into subgroups, 2 numbering fewer than 100 individuals and another of at least 300 individuals . At Ankarana, a massif with a large assortment of caves that have been surveyed for bats, they prefer day roost sites near running water and a permanent river flows through the Grotte d'Ambatoharanana (Cardiff 2006 ). We do not have any information on the population living in Anjohimbovonomby, Parc National de Namoroka.
Coleura kibomalandy is only known from 2 cave sites on Madagascar in Parc National d'Ankarana and Parc National de Namoroka, which are separated by approximately 550 km (Fig.  2) . Within each park, this species has only been found in a single cave, although numerous other cave systems have been explored and surveyed for bats (Cardiff 2006; Goodman et al. 2005) . Even though the Grotte d'Ambatoharanana and Anjohimbovonomby are not subject to human exploitation at this time and C. kibomalandy is not known to be gathered for bush meat, given its limited distribution and the apparent limited number of individuals at the 2 known sites, it should be considered a species of conservation concern. More detailed information is needed on aspects of C. kibomalandy's distribution, ecology, life history, and population size to have its conservation status properly assessed.
DISCUSSION
On the basis of molecular analyses, the genus Emballonura was found to be paraphyletic, with the genus Coleura nested between the Asiatic/Indo-Pacific clade, which has priority for the generic name Emballonura, and the Malagasy clade. To resolve this nomenclatural conflict, we propose to place the Malagasy species in a new genus, Paremballonura. The unidentified cf. Emballonura specimen (American Museum of Natural History [AMNH] 275979) sequenced herein from the Solomon Islands, originally catalogued as Mosia, was divergent from its closest species, E. raffrayana, on the basis of sequences presented in Colgan and Soheili (2008) of voucher specimens in the Australian Museum (M23380, M23382). Tissue samples of a few recognized species of Emballonura and definitively identified Mosia were not available for this study and further investigations are needed to determine if AMNH 275979 represents an undescribed species of Emballonurini. 16.6 6 0.33 15.4 6 0.31 9.6 6 0.25 8.7 6 0.15 2.9 6 0.16 16.1-17.0, n ¼ 6 14.9-15.8, n ¼ 6 9.2-9.9, n ¼ 6 8.5-8.9, n ¼ 6 2.7-3.1, n ¼ 7 OTU 4 16.6 6 0.27 15.3 6 0.15 9.7 6 0.30 8.8 6 0.21 3.0 6 0.25 16.3-16.8, n ¼ 3 15.1-15.4, n ¼ 3 9.4-10.0, n ¼ 3 8.6-9.0, n ¼ 3 2.8-3.3, n ¼ 3 a Includes the specimens from Amboni Caves used in the molecular analysis.
The genus Coleura, as recognized by Simmons (2005) , contains 2 species: C. seychellensis from the Seychelles, as well as a dubious record from Zanzibar (Koopman 1993; Thomas 1915) , and C. afra occurring across areas of Africa from Sudan south to Mozambique and west to portions of the Democratic Republic of the Congo, Angola, West Africa, and the Arabian Peninsula (Dunlop 1997; Monadjem et al. 2010) . Subspecies of C. afra and C. seychellensis have also been described, but these are poorly defined and may not warrant recognition (Koopman 1975) , although as shown herein, the forms gallarum and nilosa are smaller than typical afra.
Even though the karstic cave systems of the Ankarana Massif have been the subject of numerous bat inventories (Cardiff 2006; Goodman et al. 2005; Hutcheon 1997; McHale 1987; Wilson 1987) , it was not until 2004 when Cardiff found the first evidence of the genus Coleura in the area, or for that matter on Madagascar. Between 2001 and 2011, over 25 caves were explored for bats in the Ankarana and this genus was only found in the Grotte d'Ambatoharanana (Cardiff 2006; Goodman et al. 2005) . On the basis of 4 Coleura samples that were collected in 2004 and morphological comparisons with museum specimens of C. afra from mainland Africa and C. seychellensis from the Seychelles, Goodman et al. (2008) concluded that the Malagasy material was best referred to C. afra, although these authors noted several differences between Malagasy and East African members of this genus. On the basis of molecular phylogenetic analyses, it is clear that Tanzanian C. afra and the Malagasy population, named herein as C. kibomalandy, are different species, and the latter is sister to C. seychellensis. With the description of C. kibomalandy, the bat fauna of Madagascar now consists of 44 species, of which 34 (77%) are endemic to the island (Goodman 2011; Goodman et al. 2011 Goodman et al. , 2012 .
The only islands in the western Indian Ocean that are known to have populations of Coleura are Madagascar and the granitic Seychelles in the eastern portion of the archipelago (Fig. 2) . Coleura seychellensis was historically restricted to populations on 4 islands but is now only present on 2 (Mahé and Silhouette). Habitat degradation has reduced the population to extremely low levels, with colony sizes varying from 2 to 40 individuals. The total population size is estimated to be fewer than 100 individuals (Gerlach 2009b (Gerlach , 2011 . On the African continent and its offshore islands, C. afra has a broad distribution, and this species occurs on the Arabian Peninsula (Harrison and Bates 1991) . We did not have access to tissue samples from the Arabian Peninsula and the specific status of these animals cannot be addressed, but the Arabian Peninsula populations are presumably derived from Africa.
The biogeographic scenario that seems most concordant with current data is that the most recent ancestor of C. kibomalandy and C. seychellensis was from Africa and sequentially colonized and differentiated on Madagascar and then the eastern granitic Seychelles, where areas of exposed rock with small shelters and caves are not uncommon. The distance between the northern tip of Madagascar, close to the Ankarana TABLE 5.-Dental measurements (mm) of Coleura specimens from Madagascar, the Seychelles, and different operational taxonomic units (OTUs) across the eastern portion of Africa. Descriptive statistics presented are mean 6 standard deviation followed by minimum-maximum, and sample size (n). Massif, and the eastern Seychelles is approximately 1,100 km, with few intermediate islands and associated potential roosting or foraging areas for members of this genus to use as steppingstones. Given the notably reduced long-distance flight capacity of members of this genus, how they physically crossed this considerable expanse of ocean remains enigmatic.
One of the aspects of the current study, as compared with the conclusions of Goodman et al. (2008) based exclusively on morphology, is that molecular markers were highly informative about the patterns of speciation in Coleura. This example is 1 of many among bats, where classical morphological studies do not provide sufficient insight into patterns of cladogenesis, particularly at the species level, and associated molecular data indicate convergence of morphology in the evolutionary history of certain species complexes (e.g., Clare et al. 2006; Mayer and Von Helversen 2001) .
RÉ SUMÉ
Le genre Emballonura appartientà la tribu des Emballonurini (famille Emballonuridae), propreà l'Ancien Monde, et couvre une vaste aire de distribution comprenant desîles de la région Indo-Pacifique, l'Asie du Sud et Madagascar. Les études moléculaires montrent que ce genre est paraphylétique en raison de la position du genre Coleura qui vient s'insérer parmi les espèces d'Emballonura, entre les clades malgache et asiatique/indo-pacifique de ce dernier. Le clade asiatique/indopacifique d'Emballonura a la priorité nomenclaturale pour porter ce nom. Pour résoudre cette paraphylie, nous proposons de créer un nouveau genre pour les espèces d'Emballonura de Madagascar. Grâceà un échantillonnage moléculaire accru du genre Coleura, notamment avec l'inclusion de séquences de Tanzanie, des Seychelles et de Madagascar, ainsi que par l'utilisation de caractères morphologiques et bioacoustiques, nous décrivons les relations phylogénétiques et précisons la limite entre les espèces du genre Coleura. Ce dernier se subdivise en deux clades bien soutenus, l'un comprenant C. afra du continent et de l'île de Pemba, et l'autre C. cf. afra de Madagascar et C. seychellensis des Seychelles. La distance génétique ML entre les individus de Madagascar et des Seychelles est de 6%, alors que ceux de Pemba et Tanzanie diffèrent des malgaches de 9.6-10.4%. La Coleura de Madagascar est par conséquent décrite ici en tant qu'espèce nouvelle.
